Introduction
Newcastle disease (ND) is a major poultry disease causing significant economic losses and is a major threat to food security in many countries [1] . It is the most devastating disease for rural poultry, especially in the developing world [2] . The disease has been reported in most bird species with chickens being the most susceptible and the disease may range from mild, with little or no apparent clinical signs, to severe with 100% mortality [3] .
Vaccination is the most accepted prevention and control strategy for combating ND in poultry worldwide. Commonly used vaccines are made with low virulence viruses, which provide both cellular and humoral immunity at a low cost, and inactivated oilemulsion of the same viruses which confer a higher and long lasting humoral immunity [4e6] . In addition different recombinant NDV vaccines based on low virulence avian viruses (Herpesvirus of Turkey, Fowlpox or low virulence NDV) have been developed and used with great success experimentally. Recombinant vaccines are generated by cloning the fusion (F) and hemagglutinin-neuraminidase (HN) gene of circulating genotype into a viral backbone this thereby provides protection against clinical disease and shedding of virulent challenge virus [7e10] Different vaccines are commercially available and live ND vaccines are largely produced in specific pathogen free (SPF) chicken embryonating eggs. The production of SPF eggs requires significant resources for the procurement and maintenance of a disease free rearing facility; hence there is a limited number of facilities globally producing SPF eggs [11] . In times of high demand other vaccine manufacturers (e.g. avian influenza) import SPF eggs, thus creating challenges for availability, logistics, and costs. The high dependence of vaccine production on perishable SPF embryonating eggs, loss of birds to disease, or antibody development in surviving birds are factors that often renders flock and eggs unusable for vaccine production and may stall manufacturing. These limitations are accentuated in the developing world where SPF eggs are expensive and not always available to vaccine producers during outbreaks.
MDCK and Vero cell lines have been extensively studied and used by manufacturers for the production of approved influenza virus vaccine [12e14] . Unlike influenza virus vaccine production, limited avian cell lines have been explored for NDV vaccine production [15, 16] hence manufacturing of NDV vaccine largely depends on embryonated eggs for production. Some primary and continuous cell lines of avian and non-avian origin have been used in the propagation of NDV. These include chick embryo fibroblast (CEF), chicken embryo liver (CEL) cells, chicken embryo kidney (CEK) cells, African green monkey kidney (Vero) cells, and DF-1 (a cell line derived from CEF) cells [16, 17] . Primary cells have the disadvantage of senescence leading to the need for regular and costly re-derivation and characterization and the fact that they may not always comply with modern quality standards required for good manufacturing practices. These cells are anchorage dependent and not always easily amenable to scale up for large scale vaccine production, which is often done in suspension to maximize space and cell density [18] . Use of suspension culture makes vaccine production easier because there is no need for trypsinization or anchorage support for the cells. This has created significant interest in developing immortal and stable cell lines with the capability of growth in suspension. Additionally, it is also of importance to be able to expand cells in serum free medium for vaccine production as it eliminates a potential contamination (e.g. prion, viral) source and significantly reduces production cost, which is critical as most chicken vaccines must be economical to be cost effective for producers. It is also of significant interest to produce vaccine virus in cells from the target host species (Gallus gallus) to prevent mutations and reversion to virulence that may make it less effective as a vaccine.
In recent studies, researchers have succeeded in growing adherent cells like Vero and MDCK on micro-carriers [19, 20] or adapting them to grow in suspension [21, 22] for Influenza vaccine production. In other attempts, "designer" cell lines like human PER.C6 [23] , EB66 [24] , AGE1.CR.pIX [25] , and CAP [26] with industrial friendly properties have been developed and used for vaccine production. In order to add to the choice of cell lines available for vaccine production a new cell line derived from nonviral minicircle DNA method of reprogramming was developed [27] . This process of cell reprogramming has received the approval of the Food and Drug Administration (FDA) and is being used widely for research and development [28] .
This study focuses on describing, for the first time, the characteristics of a newly developed serum-free, suspension chickeninduced pluripotent cell (SciPC) line BA3 and determining the potential of this cell line as an alternative to egg based ND virus vaccine production. The BA3 cell line was tested and found to be free of endogenous and exogenous avian retroviruses as well as other adventitious agents. This makes it a potential candidate for the production of animal and human vaccines on an industrial scale.
Materials and methods

Cell line
The BA3 ciPC line was derived as previously described by Lu et al. [29] . Briefly, day 11 chicken embryos were used to isolate for chicken embryonic fibroblasts (CEFs). CEFs were cultured in fibroblast medium (DMEM high glucose (Hyclone) with 10%FBS (Hyclone), 4 mM L-Glutamine (Gibco) and 50 U/mL penicillin and 50 mg/mL streptomycin (Gibco)) in 5% CO 2 at 37 C, and split using 0.05% trypsin (Gibco) as they reached to confluence. For transduction, a total of 150,000 CEFs were plated in one well of a 12-well plate. After 24 h, CEFs underwent lentiviral transduction utilizing the viPC kit (Thermo Scientific) with viruses containing the human stem cell genes POU5F1, NANOG, SOX2, LIN28, KLF4 and C-MYC under the promoter of human elongation factor-1 alpha (EF1a) (EF1 underwent lentiviral agents). CEFs were trypsinized 24 h after transduction and passaged onto inactivated feeder cells in embryonic stem cell expansion medium (Dulbecco's modified Eagle medium (DMEM)/F12 (Gibco), supplemented with 20% knockout serum replacement (KSR; Gibco), 2 mM L-Glutamine (Gibco), 0.1 mM non-essential amino acids (Gibco), 50 U/mL penicillin, 50 mg/mL streptomycin (Gibco), 0.1 mM mercaptoethanol (SigmaeAldrich) and 10 ng/mL basic fibroblast growth factor (bFGF; SigmaeAldrich and R&D System)). ciPC-like cells were manually harvested and plated on Matrigel (BD Biosciences; diluted 1:100 in DMEF/F12) coated dishes in mTeSR1 medium (Stemcell Technologies). ciPC-like cells were mechanically dissociated using a glass Pasteur pipette every 4e5 days. Cells were then transferred into 20% KSR embryonic stem cell expansion medium, while still plated on Matrigel. Cells adjusted to the 20% KSR medium and were passaged using 0.05% trypsin once reaching 85% confluence.
2.1.1. Adaptation of BA3 cell line to serum free medium and suspension growth A step-wise reduction of the percentage of KSR medium (20e1%) was performed to determine optimum concentration for effective cell growth. The resulting cells, named suspension ciPC (SciPC) BA3 cells, from the reduced KSR treatment were grown in a petri dish on a shaker agitated at 50e100 rpm in 5% CO 2 atmosphere at 37 C. The bFGF from the medium was equally removed. The SciPC cells were grown in DMEM/F12 with and without 15 mM HEPES supplemented with 5% KSR and seeding density of 7.0 Â 10 5 cells/mL with continuous agitation on a shaker at 50e100 rpm in 5% CO 2 atmosphere at 37 C with medium changes every 24 h. Cell counting was performed using Cellometer Auto T4 (Nexcelom Bioscience LLC, Lawrence, MA) with 0.4% trypan blue.
2.2.2.
Testing for the presence of avian leucosis, reticuloendotheliosis viruses, Fowl adenovirus, Marek's disease virus, and mycoplasma One of the major limitations of establishing new cell lines is the presence of congenitally transmitted as well as endogenous viruses, making them unsuitable for vaccine production. Media samples from the BA3 cell line were inoculated onto chicken embryo fibroblasts (CEFs) of Avian Disease and Oncology Laboratory (ADOL) line 0, a line lacking all endogenous viruses and resistant to infection with subgroup E ALV (C/E) [30] , and on ADOL RFS, a line lacking all endogenous viruses, but susceptible to all subgroups of ALV including subgroup E (C/O) [31] . Inoculated and uninoculated control CEFs were incubated at 37 C. At seven days post inoculation (PI), Tween 80 (0.2% final concentration) was added to the cells, the plates were freeze-thawed twice, and 100 mL of the resulting lysates was tested for the presence of ALV group-specific antigen (p27) protein by enzyme-linked immunosorbent assay (ELISA) [32] . In addition to using ELISA on cell lysates for detection of p27, DNA from inoculated and uninoculated control ADOL CEFs of line 0 and RFS was also extracted for testing for the presence of ALV and REV by Polymerase Chain Reaction (PCR), as previously described [32, 33] . We also assessed potential contamination against other agents using PCR. PCR test was conducted in both cell lysates and supernatant and always included a positive control. PCR tests were conducted for Fowl adenovirus, chicken Anemia virus, Marek's disease and Mycoplasma. Briefly, the following reference strains were used in the present study as positive virus strains: RAV-1 (subgroup A Table 1 ) (0.25 mM each) and in a buffer containing dNTPs (0.12 mM each), 10 mM TriseHCl (pH 9.0), 50 mM KCl and 1 mM MgCl 2 . An initial denaturation step was at 94 C for 5 min, annealing at 55 C for 2 min and extension at 68 C for 5 min. The procedure was followed by 35 cycles of 30 s at 94 C, annealing temperature for 45 s at 50e60 C (depending on the virus) Table 1 , and extension for 1e4 min at 68 C (depending on the product size).
A final cycle consisted of denaturation for 1 min at 94 C, annealing for 3 min at 55 C and extension for 10 min at 68 C. The reactions were cycled in a MJ PCR Peltier thermal Cycle DNA DYAD Engine (M J Inc.). For the RT-PCR procedure RT-PCR amplification was performed (final 20 mL volume) using 100 ng of each total RNA as template, 1 U platinum Taq DNA polymerase (Invitrogen, www. lifetech.com, Superscript III One-step RT-PCR system), the selected specific forward and reverse primer ( 
Viruses
In all assays used in this study for detection of ALV and REV, CEFs from both of ADOL line 0 and RFS inoculated with strain RAV-1 of subgroup A ALV, strain Hc1 of ALV-J, strain RAV-0 of ALV-E, and strain spleen necrosis virus (SNV) of REV viruses were used as positive controls.
Experiments were performed in BSL-2E containment using a lentogenic recombinant Newcastle Disease Virus Lasota strain with red fluorescent protein (LS-RFP) [39] and a wild type Lasota (LS-WT) strain. The virus working stock was produced in 9e11 day-old SPF chicken embryonating eggs kept at the Southeast Poultry Research Laboratory facility using standard methods [1] . Stock viruses were aliquoted in 1 mL volumes with titers of 3.2 Â 10 9 EID 50 / mL and 5.0 Â 10 9 EID 50 /mL for LS-RFP and LS-WT respectively and stored at À80 C until use. Each stock was thawed not more than 2 times of use. The viruses were not adapted to the cell line before the experiment in order to avoid altering their antigenicity.
Virus production 2.4.1. Permissiveness of the SciPC to NDV
Initial analysis of the permissiveness of the BA3 cells was carried out using LS-RFP [39] . Cells growing at exponential phase were infected with LS-RFP at multiplicity of infection (MOI) of 5 and adsorbed for 1 h in incubator at 37 C in 5% atmosphere on a shaker at 50e100 rpm. The cells were washed once and reconstituted with DMEM/F12 supplemented with 5% KSR and incubated for 48 h. Samples were taken at 12 h interval for cell counting. The infected cells were observed under fluorescence microscope.
Newcastle virus vaccine production
Virus infection for vaccine production was performed using NDV (LS-WT). An initial cell seeding density of 7 Â 10 5 cells/mL in 5% KSR medium (DMEM/F12 with and without 15 mM HEPES) was used. Infections were done with both 5 and 20% KSR supplementation. Similarly, infection was performed in HyQ SFM4MegaVir (HyClone, Logan, UT), supplemented according to manufacturers' instructions as well as supplementation using 20% KSR for comparison of virus yield and cost effectiveness with DMEM/F12. Infection was carried out at high cell densities at multiple MOIs ranging from 0.1 to 5. In cases where lower MOI (0.1e1) was used, 10 mg/mL of porcine trypsin was added to the medium. All infections were conducted in triplicate and reproduced at minimum of two independent times. Culture plates containing infected cells were incubated at 37 C on a shaker at 100 rpm in 5% CO 2 incubator for 24e72 h. Viruses were harvested from cells utilizing three freezeethaw cycles with stocks stored at À80 C until analyzed.
Virus titration
All virus titrations were performed in 9e11 day-old SPF eggs in order to have the direct comparison and correct titer rather than converting from plaque forming unit (PFU) or tissue culture infective dose (TCID 50 ) if cells were to be used. Results of the titration were analyzed using Spearman [40] and K€ arber [41] method.
Statistical analysis
Means from multiple groups in the experiment were analyzed by ANOVA with Tukey post hoc test. For all tests, significance was reported at the level of P 0.05.
Results
Adaptation of chicken induced pluripotent cells to suspension growth in KSR medium
To improve the ability of chicken induced pluripotent cell cultures to produce higher titers of vaccine virus, we attempted to transition cells from an anchorage dependent culture system to a suspension culture system. Additionally, we attempted to transition these cells to a more cost effective media that do not have the expensive bFGF growth factor initially used to derive these cells or KSR [27] . ciPCs were successfully transitioned by repeated passages from growing as anchorage dependent to suspension culture. In addition cells were simultaneously transitioned to grow from an expensive media containing bFGF to a simple, cost effective serum free media. As shown in Fig. 1A , it took approximately 120 days to generate a suspension ciPC line capable of growth in low KSR medium without bFGF. Once fully adapted to this medium, the cells were no longer adherent and grew as cell clumps of 3e20 cells in suspension. To investigate the optimum concentration of KSR required for the effective growth of ciPC in the medium, gradual reduction in the concentration KSR was done from 20% to 1%. The concentration of the KSR was decreased by 2% in each step of the adaptation process from 20% to 6%, and cells were allowed to grow in the medium for up to three passages before changing the concentration. The cells were sensitive to changes in low KSR concentration hence, higher cell death was seen when KSR was changed from 6% to 4%. Based on this observation, subsequent adaptation was carried out with 1% reduction in KSR concentration for each step until the KSR level was as low as 1%. At KSR concentration of lower than 5%, the medium does not effectively support the growth of ciPCs. The cell line was passed in 5% KSR medium for more than 100 generations. The cell thrives best at 20, 10 and 5% KSR (Fig. 1CeE) . Though, the cells are capable of growth at lower KSR concentrations but slowly and sparsely ( Fig. 1F and G) .
Cell growth kinetics
To determine the maximum number of cells that could be grown per mL in suspension culture, a growth study was performed using DMEM/F12 with and without HEPES supplemented with 1 and 5% KSR with an initial cell seeding density of 7.0 Â 10 5 cells/mL. Comparisons were made between cells grown in DMEM/F12 with and without HEPES. A slower and lower saturation density of 8.5 Â 10 5 cells/mL was recorded for the medium supplemented with 1% KSR (data not shown) (Fig. 2) . On the contrary, cells grown with medium supplemented with 5% KSR grew faster and to a higher saturation density of 6.0e7.0 Â 10 6 cells/mL after 144 h with daily medium change (Fig. 3) . No significant difference was noticed when cells were grown in DMEM/F12 medium with (6.0e7.0 Â 10 6 cells/mL) or without HEPES (6.0 Â 10 6 cells/mL). This shows that DMEM/F12
with HEPES may not increase the cell number significantly and the changes in pH are not likely sufficient to affect growth under the condition tested. Doubling time of approximately 39 and 21 h were recorded for cells grown with 1% and 5% KSR respectively. Based on these results, the 5% KSR medium will be better suited for the production of the cells at industrial level due to faster growth kinetics. The 5% KSR medium supplementation was then used in growth related experiments throughout the study.
Testing for the presence of avian leukosis, reticuloendotheliosis viruses, Fowl adenovirus, Marek's disease virus and mycoplasma
One major potential limiting factor in the use of SciPC cells as substrate for production of avian vaccines is the potential contamination of cell with chicken endogenous and exogenous ALV a Supernatant fluids from ADOL CEFs (line 0 and RFS) that had been inoculated with supernatant fluids from BA3, or after co-cultivation of BA3 with ADOL CEFs. Supernatant fluids were collected 7e9 day post-inoculation. b As determined by ELISA for the presence of ALV gs (p27) antigen, or by presence of specific PCR products using specific primers. As expected, all control positive samples tested positive by ELISA and PCR (data not shown).
and REV. We therefore determined if our cells were contaminated with these viruses. Table 1 Table 1 . Using primers that detect ALV-A, ALV-E and ALV-J [33] and REV [32] , the results show that BA3 cells were negative for the presence of ALV-A, ALV-J, ALV-E, and REV. We also assessed potential contamination of the BA3 line for Fowl adenovirus 1, REV, Marek's disease virus, Mycoplasma and Chicken Infectious Anemia virus by direct PCR or RT-PCR and found the cells to be negative (data not shown). The mycoplasma test included 4 species of avian mycoplasma and one generic test against mammalian species.
Permissiveness of SciPC cells to infection with NDV LaSota-RFP
It is critical to test the susceptibility of (SciPC) cells to infection by viruses in order to determine their potential for generating vaccine virus. SciPC cells were found to be highly permissive to infection using the NDV Lasota RFP (red florescent protein; an engineered marker for the detection of infection) vaccine virus strain. Upon infection with the virus, the cell number (4.5 Â 10 6 cells/mL) was constant for the first 12 h with infected cells showing expression of red fluorescence (Fig. 4B, D and E). An approximately 1.5 fold decrease in cell number (3.3 Â 10 6 cells/mL) was recorded after 24 h post-infection, which correlated with increased fluorescence (Fig. 3B) . In contrast, cell numbers of the un-infected control rose with an equivalent fold increase to a maximum of 7.0 Â 10 6 cells/mL within the same 24 h time period (Fig. 3B) .
Virus production
To determine the capacity of the suspension cells to produce high levels of infectious vaccine viruses we infected exponentially growing cells in suspension. SciPCs growing at exponential phase in a 6 well plate were infected with LS-WT in the presence of complete medium (DMEM/F12 supplemented with 5 or 20% KSR) changed prior to infection. Before infection, cells grew as clumps of 3e20 cells but upon infection the clumps were easily dispersed and the cells remained as single cells. Changes were observed in the morphology of the cells upon infection. By 12 h post infection (PI) fusion of the cells was observed forming giant multi-nucleated cells with decreases in viable cell numbers (Fig. 4E) .
To assess if increased cell densities would lead to increased virus titers, three different cell densities (Fig. 5A) . However, statistical differences were found between cell densities (4.5 Â 10 6 and 7.0 Â 10 6 cells/mL) infected at MOI 5 using DMEM/F12 supplemented with 5% KSR at 24 and 48 h time points post infection (Fig. 5B) . In another experiment, a virus titer of 1.02 Â 10 8 EID 50 / mL was recorded at 24 h PI when DMEM/F12 containing 15 mM HEPES supplemented with 20% KSR was used to grow the cell. To determine if a lower cost media would affect virus yield, a serum free medium used for the production of high virus yield (SFM4MEGAVIR, from Hyclone) was used to study the effect of a different medium on the virus production. Infection of SciPCs growing at exponential phase with MOI 5 using DMEM/F12 containing 15 mM HEPES and SFM4MEGAVIR with and without 20% KSR supplementation was carried out. The highest virus titer of 1.02 Â 10 8 was recorded for DMEM/F12 containing 15 mM HEPES supplemented with 20% KSR (Fig. 6 ). Virus titers of 3.7 Â 10 7 EID 50 / mL and 3.1 Â 10 7 EID 50 /mL were recorded for SFM4MEGAVIR
supplemented with 20% KSR and SFM4MEGAVIR respectively. There is significant difference (P < 0.05) in the virus titer obtained using DMEM/F12 against SFM4MEGAVIR with and without 20% KSR supplementation (Fig. 6 ). These results demonstrate that change of medium with SFM4MEGAVIR did not positively impact on virus yield in comparison with DMEM/F12 medium, however virus yield we still relatively high.
Discussion
In this study, we demonstrated that BA3 is an immortal cell line derived from CEF by a mini-circle DNA reprogramming approach [27] . We also demonstrated that this ciPCs could be transitioned to suspension cultures system utilizing on a cost saving media without bFGF and reduced levels of KSR. In addition, the SciPC cell line BA3 was found to be free of adventitious agents and its growth dynamics were found to be suitable for production of a ND virus vaccine. Virus isolation assays using CEFs for detection of ALV and REV in various samples are considered to be the golden standard [42] . Using this method suspected viruses are allowed to propagate and amplify for 7e10 days in susceptible CEFs before testing the inoculated cells for the presence of ALV gs antigen (p27) by ELISA, or by testing DNA extracted from such cells by PCR using primers for various subgroups of ALV. Similarly, testing DNA extracted from inoculated CEFs for the presence of REV using specific primers has been shown to be specific and sensitive method for detection of REV [32] .
The finding that CEFs from ADOL lines 0 (C/E, cells that are resistant to ALV-E) and RFS (C/O, cells that are susceptible to all subgroups of ALV) inoculated with supernatant fluids obtained directly from BA3 cells, or after co-cultivation of BA3 cells with CEFs from line 0 and RFS tested negative for ALV gs antigen (p27) indicate that BA3 cells are free from complete infectious exogenous and endogenous ALV. Also, the finding that DNA extracted from CEFs inoculated with BA3 tested negative for the presence of ALV-A, ALV-E and ALV-J by PCR confirmed the virus isolation ELISA results. DNA extracted from CEFs inoculated with supernatant fluids from BA3 also tested negative for the presence of REV by PCR, indicating that BA3 preparations tested in this study are free from REV. It is important to note that all substrates, chicken embryos, or CEFs used for production of live-virus vaccines are required to be free from avian retroviruses, namely ALV and REV [43] . Our results clearly show that BA3 cells are free from such ALV and REV and could be used for production of live virus vaccine of poultry.
The transition of BA3 from adherent to suspension culture was successfully accomplished alongside the optimum concentration of KSR. SciPCs thrive optimally when grown in DMEM/F12 with or without HEPES buffer using 5% KSR supplementation making it a serum free medium. This adaptation should help cutting down on the cost of production with flexibility for usage from using 20% KSR supplementation to 5% without significantly affecting the results. The use of KSR instead of FBS has the additional benefit that reduces the growth as clumps of 5e20 cells and it takes little effort to break up the clumps when passing of cells is required, cutting down on the cost for procuring digestion enzymes. In general, demonstration of the adaptability and scalability of other types of iPC has been previously described [44, 45] . Here upon seeding, the chicken origin cell line BA3 cell showed a short lag phase and entered the logarithmic phase within 24e48 h (Fig. 3A) . The short doubling time makes BA3 a prime candidate for easy scale up with the cells being ready for infection immediately after seeding. Comparable values were observed when cells were grown in DMEM/F12 with or without HEPES supplemented with 5% KSR. The SciPCs attained maximum cell concentration of 6.0e7.0 Â 10 6 cells/ mL in a 6 well plate within 144 h post seeding. In addition to industrial friendly features, the chicken origin of SciPCs provides significant advantages over existing systems. Similar virus yields were observed for embryonic stem cells generated from duck cell line reported previously [24, 46] . Attempts by several investigators at adapting MDCK and Vero to growing in serum free medium as suspension culture have yielded cell concentrations of 1.2 Â 10 6 cells/mL [19] , 2.2 Â 10 6 cells/mL [22] and 2.5 Â 10 6 cells/mL [21] . These titers values are lower in comparison to our result, but most important the used cells of mammalian origin carry the risk of mutation, attenuation and adaptation of avian viruses to mammalians. Cells designed for industrial vaccine production should be easily scalable and grow fast to meet the production demand as required. The optimization step for the Newcastle disease virus production involved looking at the infection of BA3 cell at different density, concentration of KSR, medium changes, and time post infection. The first part of the experiments involved the use of Newcastle disease LS-RFP to assess the permissiveness of BA3. It was observed that Newcastle disease virus at MOI 5 infected and replicated in over 90% of the infected cells suggesting that the cell is highly permissive for the virus. When NDV Lasota was used at the same MOI maximum virus titer of 1.02 Â 10 8 EID 50 /mL was obtained at 24 h PI. It has been observed that infection at high MOI results in synchronous virus growth and early peak of virus titer [47] . Influence of cell density on Newcastle disease virus yield was assessed by infecting cells at 3 different densities (3.5, 4.5 and 7.0 Â 10 6 cells/mL). Cell density is an important factor in vaccine production. Cells growing to higher concentration offer an advantage in terms of availability of cells per volume for virus infection, hence higher titer. The limitation of this as reported by Bernal et al. [48] has been that at certain cell concentration threshold there is a decrease in the number of virus particles being produced, referred to as the "cell density effect". The cause of this effect has been attributed to be the depletion of nutrients or accumulation of inhibiting substances [49] . The virus titers (Fig. 5A ) obtained at 24 h PI for BA3 cells infected at various cell densities were comparable among the different groups indicating "no cell density effect". The result of this study is consistent with the observations reported by Lohr et al. [46] who also observed no "cell density effect" for the AGE1.CR.pIX cell line.
A maximum achievable titer of 3.7 Â 10 7 EID 50 /mL was recorded when SFM4MEGAVIR supplemented with 20% KSR Medium was used. The value was lower than that obtained when DMEM/ F12 was used under the same condition. A similar trend was observed when SFM4MEGAVIR was used for the growth of Vero cell in Influenza virus production [19] . The reason for this could be that the BA3 has been adapted to growing in DMEM/F12 and require adaptation in SFM4MEGAVIR for effective growth. The constituent of the two media could be another possible reason for the low virus yield.
Conclusion
In this study, we developed and adapted a SciPC cell line to growth in suspension culture. The growth characteristic of SciPCs and freedom from adventitious agents were established. To assess the susceptibility of the cell to virus infection, Newcastle disease virus Lasota strain was used and the virus replicated in the cell to high titer in a relatively short time. With this cell line it is possible that several cycles of the virus production may be achieved, however further adaptation and testing is likely to be needed before these cells are utilized as a viable replacement of embryonating eggs. This data has shown the potential of the SciPC cell line as a candidate for Newcastle disease virus production. . Virus titers produced by BA3 cell lines grown in DMEM/F12 and SFM4MEGAVIR media after infection with Newcastle Disease LaSota. BA3 SciPCs grown in 5% KSR medium were infected at MOI 5 and adsorbed for 1 h at 37 C in 5% CO 2 incubator. Medium was changed post adsorption to DMEM/F12 supplemented with 20% KSR, SFM4MEGAVIR and SFM4MEGAVIR supplemented with 20% KSR and incubated on shaker at 37 C in 5% CO 2 incubator. Supernatant from infected cell culture was collected 24 h post-infection and subjected to three freezeethaw cycle before virus titer was determined by EID 50 assay. The virus titer is an average of two independent experiments with samples run in triplicate per experiment. Horizontal bar with asterisk shows significant statistical differences in virus yield between DMEM/F12 supplemented with 20% KSR and SFM4MEGAVIR supplemented with or without 20% KSR.
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